X-ray Means for Determining The Location f Malignant Neoplasm 
X AndltsRadi therapy 

^ «\ 

Field of the Invention 

The inventions relate to the n^ans of determining a malignant neoplasm 
5 in a patient's body and its treatment by means of X-rays. 

Background of the Invention 

The known methods involve carrying out a topometric preparation after a 
diagnosis is determined and a decision is made to use a radiation therapy of a 
malignant neoplasm by means of X-rays. During the said topometric prepara- 

10 tion linear sizes, the square, the volume of pathologic forms, organs and anat- 
omic structures are determined and their relative location in a particular patient 
are described in quantitative terms (see, for example: Radiation therapy of a 
malignant neoplasm. Physicians guide. Ed. by Professor. E.S. Kiseleva. Mos- 
cow, "Meditsina", 1996 [1], pp. 46-47). The main task of a topometric prepara- 

15 tion is to combine various data obtained in the course of disease diagnostics, 
and to provide the radiologist with all anatomical data about the volume to be 
irradiated, at 1:1 scale in the form, enabling development of an exposure pro- 
gram. For selection between the exposure program options and parameters, it is 
necessary to know the shape and dimensions of the target site, its location in 

20 the patient, as well as syntopy of surrounding tissues, the distance between the 
target and most important, from the point of view of dosage distribution, ana- 
tomical structures and critical organs. In particular, topometric preparation and 
exposure program development result in identification of the characteristic 
points and areas on the patient's surface, with respect to which the X-rays are 

25 would be subsequently aimed during exposure. 

The main disadvantage of the described combination of the patient's 
preparation for exposure and exposure delivery is that these stages are sepa- 
rated both in time and space, in particular, because they are carried out by dif- 
ferent means. Exposure (radiation action on the cells of a malignant neoplasm 
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for the purposes of their killing) is done with the help of rather powerful direc- 
tional x-ray sources. Concerning X-ray examinations, preceding the exposure, 
it is done using significantly lower radiation intensities, moreover, each of them 
is usually only one of several methods, applied in combination: angiography, 
excretion urography, examination of gastrointestinal tract, bones of a skeleton 
and skull, and thorax; radionuclidal examinations of bones and liver; ultrasonic 
methods (echoscopy, echotomography) to obtain images of the organs of the 
abdominal cavity, pelvis, of soft tissues; computed tomography - a highly ef- 
fective X-ray imaging technique; magnetic resonance tomography, etc. There- 
fore it is very difficult to achieve high accuracy of exposure, hence, some parts 
of the malignant site happen to be unexposed, or intensive X-rays concentrates 
in the volume, exceeding the dimensions of the said malignant site. If the latter 
is the case, the surrounding healthy tissues receive a much higher dosage than 
the healthy tissues inevitably encountered along the path of radiation to the ma- 
15 lignant site. 

Implementation of such method is affected not only by the errors in se- 
lecting reference points and aiming X-rays to the said points during exposure, 
but also by instability of internal organs and inaccurate positioning of the pa- 
tient during different exposure sessions. At the same time, radiation fractiona- 

20 tion in itself done in an attempt to avoid over dosage on healthy tissues, makes 
a vicious circle, as it is known, that a doze, delivered once to the malignant site 
and being sufficient for its irreversible damage, is in several times lower than 
the cumulative dose required in case of fractionation [1, pp. 84, 91]. 

Some known technical solutions provide for special meeisures aimed at 

25 better accuracy and patient's position stability, so as to overcome this disadvan- 
tage (see, for example, USA patent No. 5,983,424, published 16.1 1.1999 [2]). 

Another way of overcoming the said disadvantages consists in application 
of a so-called simulator - an X-ray diagnostic apparatus, the geometric and kin- 
ematics capabilities of which are quite similar to teleirradiation apparatus [1, p. 

30 55]. It is possible 'to ray" the patient from different directions without 
changing his position by means of the said simulator. During topometric prepa- 
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ration the patient is placed on the simulator's table in the position, which he 
will retain during exposure; then roentgenoscopy is done. Using a light cross 
and movable x-ray contrast fibers, the center and borders of the volume to be 
exposed is selected and the plane where the central axis of the radiation beam 
5 will be during exposure, is marked. 

However none of such measures allow avoiding the errors in "aiming" the 
beams irradiating a malignant neoplasm, because these errors result from tumor 
growth. This factor becomes particularly significant in case of prolonged treat- 
ment, when the exposure sessions are distanced in time from the time of the pa- 
10 tient diagnostic examination fmalization. 

Technical solutions, closest to the suggested inventions, are described in 
USA patent No. 5,207,223 (published 04.05.1993 [3]). According to this pat- 
ent, images of the patient's tissues structure are formed by means of the di- 
rected X-ray beams just before exposure, which images are used for the correc- 
15 tion of the exposure program versus the results of the preceding diagnostic ex- 
aminations. However, in this instance different beams are used to form the said 
images and to produce radiation action on the tissues of the malignant site, 
which in principle does not cater for errors in orientation of the irradiating 
beams. Besides, the acceptable accuracy of obtaining the image can be 
20 achieved only through realization of the computed tomography algorithms, 
thus, implying not only complex technical means but a rather high dosage as 
well. 

Summary of the Inventions 

A technical result, provided by the suggested inventions related to a 
25 method of radiotherapy of a malignant neoplasm, a method of defining of a lo- 
cation of a malignant neoplasm, and a device for implementation of the said 
methods, consists in elimination of the influence of the said factor owing to us- 
age of common X-ray beams both for identification of the tissue structure and 
location of the malignant site, and for rendering the ray action on the malignant 
30 site. Another type of the technical result achieved is decreased dosage in the 
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course of obtaining images of the tissues structure (the said images are used to 
make corrections to the exposure program), and also decreased dosage on the 
tissues, surrounding the chosen exposed volume. 

The suggested method of radiotherapy of a mahgnant neoplasm with the 
5 use of X-ray beams, same as the said known one, is carried out in two stages. 
During the first stage, an image of the internal structure of the patient's part 
comprising the malignant neoplasm is obtained, together with the organs and 
tissues surrounding the said part, on the basis of information represented as a 
population of spatial coordinates of the points, to which the current measure- 
10 ment results are attributed, tissues density values corresponding to the said co- 
ordinates. Then, using the previous diagnostic examination, images of the 
structural elements related to the malignant neoplasm are identified, and an ir- 
radiation program is generated as a set of the X-ray dosages, which should be 
delivered to different parts of the malignant neoplasm, which parts are repre- 
15 sented by the registered aggregate of coordinates of points After that, the sec- 
ond stage begins, at which stage the finalized exposure program in carried out. 

To achieve the said types of the technical result, in case of the suggested 
method, in contrast to the known one, during the first stage, in order to obtain 
the said information regarding the internal structure of respective patient's part, 
20 the x-rays are concentrated in the zone within the patient's part containing the 
malignant neoplasm and comprising the point, to which the current measure- 
ment results are attributed. Excited in this zone secondary radiation having a 4k 
steradian angle of scattering is transported to one or more detectors, the pa- 
tient's part comprising the malignant neoplasm is scanned by changing the rela- 
25 tive position between the radiation concentration zone and the patient. Based 
on the aggregate of secondary radiation intensity values obtained by means of 
one or more detectors and registered concurrently with coordinates of respec- 
tive point in the X-ray concentration zone, to which point the current measure- 
ment results are attributed, judgment is made in respect of density of the tissues 
30 in the said point. Quantitative indices, taken as the tissues density values, to- 
gether with respective values of coordinates are then used for the imaging the 
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tissues density distribution in the patient's part, comprising a malignant neo- 
plasm. At the second stage the spatial part occupied by a malignant neoplasm is 
scanned with x-rays, concentrated with the help of the same means as during 
the first stage, so that the positions occupied by the concentration zone would 
5 correspond to the parts of the malignant neoplasm represented by population of 
coordinates of the points determined during the furst stage through identifica- 
tion of images of the structural elements related to the malignant neoplasm. The 
exposure program formed during the first stage, is carried out by increasing the 
x-ray intensity compared to the first stage and controlling the time of exposure. 
10 X-rays can be concentrated in the zone containing the point, to which the 

current measurement results are attributed, and which is located inside the part 
of the patient that contains a malignant neoplasm, for instance, by means of 
collimators using a respective number of spaced X-ray sources. In this instance, 
transportation of excited x-rays to one or more detectors can be done by means 
15 of one or more collimators, whereby all collimators should be aimed so that the 
axes of their central channels would cross in the point, to which the current 
measurement results are attributed. 

It also is possible to concentrate X-rays in the zone mcluding the point, to 
which the current measurement results are attributed and which is located in- 
20 side the patients part comprising a malignant neoplasm, by means of X-ray 
hemi=lenses transforming divergent radiation of a respective number of the 
spaced X-ray sources into quasi-parallel radiation. In this instance, transporta- 
tion of excited secondary radiation to one or more detectors is done by means 
of one or more X-ray hemi lenses, focusing this radiation on the detectors or 
25 forming quasi-parallel radiation, whereby all X-ray hemi lenses are aimed so 
that their optical axes would cross in the point, to which the current measure- 
ment results are attributed. 

X-rays can be also concentrating in the zone including the point, to which 
the current measurement results are attributed and which is located inside the 
30 part of the patient's body containing by means of X-ray hemi lenses transform- 
ing divergent radiation of a respective number of spaced X-ray sources into 
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quasi-parallel radiation; in this instance, transportation of the excited secondary 
radiation to one or more detectors is done by means of one or more X-ray 
lenses focusing this radiation on the detectors whereby all X-ray hemi lenses 
and lenses are aimed so that their optical axes would cross in the point, to 
5 which the current measurement results are attributed. 

In one of particular cases of implementation of the suggested metfiod, X- 
rays are concentrated in the zone including the point, to which the current 
measurement results are attributed and which is located inside the patient's part 
containing a malignant neoplasm, by means of several X-ray hemi lenses trans- 
10 forming divergent radiation of a respective number spaced sources into quasi- 
parallel radiation; transportation of the excited secondary radiation to one or 
more detectors is done by means of one or more collimators. In this instance, 
X-ray hemi lenses and collimators are aimed so that the central axes of all X- 
ray hemi lenses and the central channels of all collimators would cross in the 
15 point, to which the measurement current results are attributed 

In another particular case, X-rays are concentrated in the zone including 
the point, to which the current measurement results are attributed and which is 
located inside the patient's part comprising a malignant neoplasm, by means of 
one or more spaced X-ray sources and a respective number of X-ray lenses fo- 
20 cusing divergent X-rays of each of the sources on the point, to which the cur- 
rent measurement results are attributed. In this case transportation of excite 
secondary radiation to one or more detectors is done by means of X-ray lenses, 
which focus this radiation on the detectors and have the second focus in the 
said point. In this specific case an additional technical result is achieved, resid- 
25 ing in the possibility of localizing tiie radiation action in super small volumes 
using small amounts of beams (even one) in combination with a low level of ir- 
radiating of healthy tissues, what makes it possible to avoid exposure fraction- 
ing and, in some cases, to carry out a radiotherapy of small tumors for one ses- 
sion. Such technical resuU can be obtained owing to the usage of X-ray lenses 
30 in the suggested invention. 



In one more particular case. X-rays are concentrated in the zone including 
the point, to which the current measurement results are attributed and which is 
located inside the patient's part containing a malignant neoplasm, by means of 
one or more spaced X-ray sources and a respective number of X-ray lenses, 
which focus the divergent radiation of each source into the point, to which the 
measurement current results are attributed. In this instance, transportation of 
the excited secondary radiation to one or more detectors is by means of colli- 
mators aimed so that the optical axes of their central channels would cross in 
the said point. 

In the suggested method of determining the location of a malignant neo- 
plasm using X-rays, same as in the known method according to USA patent 
No. 5,207,223 [3], an image is obtained of the internal structure of a patient's 
part of the patient containing a malignant neoplasm together with surrounding 
organs and tissues, on the basis of information representing a population of spa- 
tial coordinates of points, to which the current measurement results are attrib- 
uted, and the tissue density values, corresponding to the said coordinates. After 
that, using results of preceding diagnostic, the images of the structural elements 
related to the malignant neoplasm are identified. 

As against the said known method, in the suggested method, in order to 
achieve the above technical result and receive the said information about the 
patient's internal structure body. X-rays are concentrated in the zone including 
the point, to which the current measurement results of are attributed and located 
inside the patient's part containing a malignant neoplasm. The secondary radia- 
tion excited in this zone and having a 4k steradian angle of scattering is trans- 
ported to one or more detectors; the patient's part containing a malignant neo- 
plasm is scanned by relative movement of the radiation concentration zone and 
the patient. Judgment on the density of biological tissues in the point, to which 
the current measurement r are attributed, is made on the basis of population of 
the secondary x-rays intensity values, obtained by means of one or more detec- 
tors and determined simultaneously with the coordinates of the radiation con- 
centration zone including the said point. The quantitative characteristics, taken 
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as the density values of the biological tissues, together with the values of coor- 
dinates, corresponding to the said quantitative characteristics, are used for im- 
aging the density distribution of the biological tissues in the patient's part con- 
taining a malignant neoplasm. Then the combination of coordinates of the said 
points and the densities of the biological tissues, corresponding to the said co- 
ordinates and identified as featured by the malignant neoplasm, is registered. 

In a particular case of implementation of the suggested method of deter- 
mining the location of a malignant neoplasm. X-rays are concentrated in the 
zone including with the point, to which the current measurement results are at- 
tributed and located inside the patient's part containing a malignant neoplasm, 
by means of collimators. In this instance, a respective number of the spaced X- 
ray sources is used, and transportation of excited secondary radiation to one or 
more detectors is done by means of one or more collimators; all collimators are 
aimed so that the axes of their central channels would cross in the point, to 
which the current measurement results are attributed. 

In another particular case, X-rays are concentrated in the zone including 
the point, to which the current measurement results are attributed and which is 
located inside the patient's part containing a malignant neoplasm by means of 
X-ray hemi lenses, which transform divergent radiation of a respective number 
of the spaced X-ray sources into quasi-parallel radiation, while transportation 
of the excited secondary radiation to one or more detectors is done by means of 
one or more X-ray hemi-lenses, which focus this radiation onto the detectors or 
form quasi-parallel radiation. In this instance, all X-ray hemi-lenses are aimed 
so that their optical axes would cross in the point, to which the current meas- 
urement results are attributed. 

In one more particular case. X-rays are concentrated in the zone including 
the point, to which the current measurement results are attributed and which is 
located inside the patient' part comprising a malignant neoplasm, by means of 
X-ray hemi lenses, which transform divergent radiation a respective number of 
spaced X-ray sources into quasi-parallel radiation, while transportation of the 
excited secondary radiation to one or more detectors is done by means of one 
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or more X-ray lenses, which focus this radiation onto the detectors. In this in- 
stance, all X-ray hemi lenses and lenses are aimed so that their optical axes 
would cross in the point, to which the current measurement results are attrib- 
uted. 

5 In the next particular case. X-rays are concentrated in the zone including 

the point, to which the current measurement results are attributed and which is 
located inside the patient's part comprising a malignant neoplasm by means of 
several X-ray hemi lenses, which transform divergent radiation of a respective 
number of the spaced X-ray sources into quasi-parallel radiation, while trans- 
10 portation of the excited secondary radiation to one or more detectors is done by 
means of one or more collimators. In this instance. X-ray hemi lenses and col- 
limators are aimed so that the optical axes of all X-ray hemi lenses and the cen- 
tral channels of all collimators would cross in the point, to which the current 
measurement results are attributed. 
15 X-rays are concentrated in the zone including the point, to which the cur- 

rent measurement results are attributed and which is located inside the patient's 
part comprising a malignant neoplasm, can be also done by means of one or 
more spaced X-ray sources and a respective number of X-ray lenses, which fo- 
cus divergent X-rays of each source in the point, to which the current meas- 
20 urement results are attributed, while transportation of the excited secondary ra- 
diation to one or more detectors is done by means of X-ray lenses, which focus 
this radiation onto the detectors and have the second focus in the said point. 

Besides it is possible to concentrate X-rays in the zone including the 
point, to which the current measurement results are attributed and which is lo- 
25 cated inside the patient's part containing a malignant neoplasm, with the help 
of one or more spaced X-ray sources and a respective number of X-ray lenses, 
which focus divergent X-rays of each source in the point, to which the current 
measurement results are attributed Transportation of the excited secondary ra- 
diation to one or more detectors in this case is done by means of collimators 
30 aimed so that the optical axes of tiieir central channels would cross in the said 
point. 
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It is possible to use the same device to cany out both suggested methods. 
This device, same the known device according to the said USA patent No. 
5,207,223 [3] for determining the location of a malignant neoplasm and its ra- 
diotherapy with X-ray beams, comprises an X-ray optical system, a means for 
5 relative positioning of the patient and the X-ray optical system, a data process- 
ing and imaging means. In this instance, the X-ray optical system comprises 
one or more X-ray sources fitted with means for concentrating their radiation, 
and one or more detectors, which outputs are connected up to the data process- 
ing and imaging means. 
10 To achieve the above listed kinds of the technical result, featured by the 

suggested inventions, in the suggested device, as against the known one, the X- 
ray sources, being a part of the X-ray optical system, are made capable of vary- 
ing their radiation intensities, and the X-ray optical system comprises a shared 
x-ray intensity control means for the X-ray sources. The means for concentrat- 
15 ing radiation of these sources are made and mounted so as to provide concen- 
trating of the radiation from all sources in the zone including the point, to 
which the measurement current results are attributed and which is located in- 
side the patient's part comprising a maligqant neoplasm. The X-ray optical sys- 
tem also comprises one or more means for transporting secondary radiation ex- 
20 cited in the radiation concentration zone and having a 47v steradian angle of 
scattering to the detectors, which are mounted next to the outputs of these 
means and are made sensitive to the said secondary radiation. Sensors are con- 
nected to the means for relative positioning of the patient's body and the X-ray 
optical system, enabling determination of coordinates of the point, to which the 
25 current measurement results are attributed and which is located inside the pa- 
tient's part comprising a malignant neoplasm. The outputs of the said sensors 
are connected to the data processing and imaging means. The latter is made so 
as to enable generation and display of the tissue density distribution image, re- 
sulting from scanning of the patient's part including a malignant neoplasm, by 
30 the source radiation concentration zone using the means for relative positioning 
of the X-ray optical system and the patient. 
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In one of particular embodiments of the suggested device, the X-ray opti- 
cal system comprises several X-ray sources, while every means for concentrat- 
ing their radiation in the zone including the point, to which the current meas- 
urement results are attributed, and each of the means for transportation of the 
secondary radiation excited in the said point, is made as a collimator with its 
channels aimed at the source radiation concentration zone; in this instance, the 
optical axes of the central channels of all collimators cross in the point, to 
which the current measurement results are attributed. 

In this case it is possible, for instance, to use, as a part of the X-ray optical 
system, quasi-pinhole X-ray sources and collimators with their channels fo- 
cused onto these sources,, where between the output of each X-ray source and 
the input of the corresponding collimator there is a screen with a hole. 

In the said case, it is also possible to use, as a part of the X-ray optical 
system, extended X-ray sources and collimators with their channels widening 
towards these sources,. 

In another particular case, the X-ray sources within the X-ray optical sys- 
tem are quasi-point; each means for X-rays concentration in the zone including 
the point, to which the current measurement results are attributed, is made as an 
X-ray hemlines transforming divergent radiation of the respective source into 
quasi-parallel radiation; and each means transporting excited secondary radia- 
tion to the detector is made as an X-ray hemlines focusing this radiation onto 
the detector. In this instance, the optical axes of all X-ray hemi lenses cross in 
the point, to which the current measurement results are attributed. 

In one more particular case, the X-ray sources within the X-ray optical 
system are quasi-point; each means concentrating X-rays in the zone including 
the point, to which the current measurement results are attributed, is made as an 
X-ray hemlines transforming divergent radiation of a respective source into 
quasi-parallel radiation; and each means transporting excited secondary radia- 
tion to the detector is made as an X-ray hemlines, which forms quasi-parallel 
radiation and has its focus in the x-rays concentration zone. In this instance, the 
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optical axes of all X-ray hemi lenses cross in the point, to which the current 
measurement results are attributed. 

In the next particular case, the X-ray sources within the X-ray optical sys- 
tem are quasi-point; each means concentrating x-rays in the zone including the 
point, to which the current measurement results are attributed, is made as an X- 
ray hemlines transforming divergent radiation of the respective source into 
quasi-parallel radiation, and each means for transporting excited secondary ra- 
diation to the detector is made as an X-ray lens, which focuses this radiation 
onto the detector and has the second focus in the x-rays concentration zone o. 
In this case, the optical axes of all X-ray hemi lenses and lenses cross in the 
point, to which the current measurement results are attributed. 

Such embodiment of the device is also possible, where the X-ray sources 
within the X-ray optical system are quasi-point; each means concentrating X- 
rays in the zone including the point, to which the current measurement results 
are attributed, is made as an X-ray hemlines transforming divergent radiation of 
the respective source into quasi-parallel radiation ; and each means transporting 
excited secondary radiation to the detector is made as a collimator with its 
channels diverging towards the corresponding detector. In this instance, the op- 
tical axes of all X-ray lenses and hemi lenses, and the central channels of col- 
limators cross in the point, to which the current measurement results are attrib- 
uted. 

One more possible embodiment of the suggested device has the following 
specificity: the X-ray sources within the X-ray optical system are quasi-point; 
each means concentrating x-rays in the zone including the point, to which the 
current measurement results are attributed, is made as an X-ray hemlines trans- 
forming divergent radiation of the respective X-ray source into quasi-parallel 
radiation ; and each means transporting excited secondary radiation to the de- 
tector is made as a collimator with its channels converging towards a respective 
detector. In this instance, the optical axes of all X-ray hemi lenses and the cen- 
tral channels of the collimators cross in the point, to which the current meas- 
urement results are attributed. 
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Another particular case of making the device has the following features: 
the X-ray sources within the X-ray optical system are quasi-point; each means 
concentrating X-rays in the zone including the point, to which the current 
measurement results are attributed, is made as an X-ray lens focusing divergent 
5 radiation of the X-ray source; and each means transporting excited secondary 
radiation to the detector is made as an X-ray lens focusing this radiation onto a 
respective detector. In this instance, the optical axes of all X-ray lenses cross in 
the point, to which the current measurement results are attributed. 

It is also possible to make the suggested device in the following way: the 
10 X-ray sources within the X-ray optical system are quasi-point; each means con- 
centrating x-rays in the zone including the point, to which the current meas- 
urement results are attributed, is made as an X-ray lens focusing divergent ra- 
diation of the X-ray source; and each means transporting the excited secondary 
radiation to the detector is made as a collimator with its channels converging 
15 towards a respective detector; the optical axes of all X-ray lenses and the cen- 
tral channels of the collimators cross in the point, to which the current meas- 
urement results are attributed. 

The suggested device can also be made so that the X-ray sources within 
the X-ray optical system are quasi-point; each means concentrating x-rays in 
20 the zone including the point, to which the measurement current results are at- 
tributed, is made as an X-ray lens focusing divergent radiation of an X-ray 
source. In this instance, each means transporting the excited secondary radia- 
tion to the detector is made as a collimator with its channels diverging towards 
a respective detector; and the optical axes of all X-ray lenses and the central 
25 channels of the collimators cross in the point, to which the current measure- 
ment results are attributed. 

In all described cases tfie device can be additionally equipped with means 
for switching off or screening the detectors for the time when the X-ray sources 
are operating with the increased intensity. 

30 Brief Description of tiie Drawings 
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The suggested inventions are illustrated with the figures: 

FIG. 1 shows the principles, the suggested methods are based on: a block 
diagram together with connections of the main components of the device em- 
bodying the suggested methods; 
5 FIG. 2 and FIG. 3 show specific cases of methods implementation using 

the collimators for X-rays concentration and transportation of secondary radia- 
tion to the detectors; 

FIG. 4 and FIG. 5 show the same but for the use of X-ray hemi lenses; 

FIG. 6 shows the same but for the use of X-ray hemi lenses for X-rays 
10 concentration and the "full" X-ray lenses for transportation of secondary radia- 
tion to the detectors; 

FIG. 7 and FIG. 8 show the same but for the use of X-ray hemi lenses for 
x-rays concentration and collimators for transportation of secondary radiation 
to the detectors; 

15 FIG. 9 shows the same but for the use of X-ray lenses for x-rays concen- 

tration and for transportation of secondary radiation to the detectors; 

FIG. 10 and FIG. 1 1 show the same but for the use of X-ray lenses for X- 
rays concentration and collimators for transportation of secondary radiation to 
the detectors. 

20 Detailed Description of the Inventions 

The suggested method of determining the location of a malignant neo- 
plasm is applied both independently, if a malignant neoplasm does not follow 
it, and as a part of a method of radiotherapy of a malignant neoplasm at the first 
stage of carrying out the said method. In both cases this method, as such, is nei- 
25 ther diagnostic nor therapeutic. 

The suggested method of radiotherapy of a malignant neoplasm always 
includes the suggested method of determining the location of a malignant neo- 
plasm at the fist stage of its implementation. 

The suggested device is common for both methods. 
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The suggested methods are realized by means of the suggested device as 
follows. 

Divergent X-rays of a quasi-point source 1 (FIG. 1) is focused by the X- 
ray lens 2 in the given point 4 of the part 7 of the patient's body 5, including a 

5 malignant neoplasm, as established by preceding diagnostics. The patient is 
placed as required with the help of means 10 for relative positioning of the pa- 
tient and X-ray optical. Focused in the point 4 radiation excites secondary scat- 
tered radiation in die substance of the biological tissues of the patient 5 (coher- 
ent and incoherent Compton radiation, fluorescent radiation. The intensity of 

10 secondary radiation, having a 4k steradian angle of scattering, accurate to the 
fluctuations due to the stochastic nature of the process of the secondary radia- 
tion excitation, is proportional to the density of the substance, where it is ex- 
cited. The focus of the second X-ray lens 3 is in the same point 4. This lens fo- 
cuses scattered secondary radiation, captured by it, onto the detector 6, which 

15 converts it into an electric signal transferred to the input of the means 12 for 
data processing and imaging. The position of the common focus point 4 of the 
lenses 1 and 3 is selected by relative movement of the patient 5 and the X-ray 
optical system 8 with respect to each other with the help of the means 10 for 
their mutual positioning. The X-ray optical system 8 comprises the X-ray 

20 source 1 capable of varying radiation intensity, the X-ray lenses 2, 3, and the 
radiation detector 6, as well as the means 9 for controlling the radiation inten- 
sity. The latter provides simultaneous change of the radiation intensity of all 
sources incorporated in the X-ray optical system (only one of them is shown in 
the FIG. 1, depicting the basic principles of the suggested inventions). 

25 A possibility to change the radiation intensity and the means 9 for control- 

ling the said intensity are used in the radiotherapy method at its second stage. 

It should be explained that the X-ray lenses, being the means for control- 
ling x-rays (focusing divergent radiation, transforming divergent a quasi- 
parallel beam, focusing a quasi-parallel beam, etc.), is a totality of curved ra- 

30 diation transportation channels, where radiation experiences multiple total ex- 
ternal reflections (see, for instance: V.A. Arkadiev, A.I. Kolomiitsev, M.A. 
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Kumakhov, et al. Broadband X-ray optics with wide angular aperture. Uspekhi 
fizicheskikh nauk, 1989, volume 157, issue 3, pp. 529-537 [4], where the first 
lens of this type is described, and USA patent No. 5744813 (published 
28.04.98) [5], where more modem lens is described). A lens on the whole is 
barrel shaped (i.e. it narrows to both faces), if it is intended for focusing diver- 
gent radiation, or it is half-barrel shaped (i.e. it narrows only to one face) if it is 
intended for transformation of divergent radiation into quasi-parallel or for fo- 
cusing such radiation. The terms "a full lens" and "a hemlines" are widely used 
to indicate the lenses of said two types. 

There are two possible ways of operating and using the device according 
to FIG. 1. In one of them the patient 5 remains stationary while the X-ray opti- 
cal system 8 moves (its movement possibilities are shown in FIG. 1 by arrows 
10a) with retention of the mutual arrangement of the elements 1, 2, 3, and 6 
(and thus maintaining coincidence of focuses of the lenses 1 and 3). In the 
other, vice versa, the X-ray optical system 8 is stationary while the patient 5 is 
moved (such movement is shown in FIG. 1 by the arrows 10b). 

The device also comprises the coordinate sensor 11, which responds to 
the relative movement of the X-ray optical system 8 and the patient5 and is 
connected to the means 10 for relative positioning of the patient and the X-ray 
optical system. The sensor 11 should be adjusted so that its output signals 
would correspond to the coordinates of the point, to which the current meas- 
urement results are attributed, with respect to the chosen reference point. 

In the specific case, shown in FIG. 1, the common focus point 4 of the X- 
ray lenses 2 and 3, where their optical axes cross, is the point, to which the cur- 
rent measurement results are attributed. 

In the other cases, when the radiation concentration zone blurred, such a 
point is also the cross-point of tiie lines that are the optical axes (or taken con- 
ditionally as the optical axes, for instance, an axis of the central channel of the 
collimator) of the radiation concentration means and means transporting ex- 
cited secondary radiation to the detectors. The means 10 for relative positioning 
of the patient and the X-ray optical system g should provide identification of 
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the said point within the patient's part of interest, comprising including (or hy- 
pothetically comprising) a malignant neoplasm. 

The radiation concentration zone is the volume of larger or smaller size 
dependent on the concentration means used, surrounding the said point, to 

5 which tiie current measurement results are attributed (at the second stage of 
carrying out the radiotherapy method, the concentration zone also surrounds the 
point, where the lines that are the optical axes of the radiation concentration 
means and the means for transportation of the excited secondary radiation to 
detectors, cross; however, there may be no measurements done at this stage). In 

10 the case shown in FIG. 1, the size of the radiation concentration zone is mini- 
mal. 

The output signals of the sensor 1 1, as well as the output signal of the de- 
tector 6, are fed to the inputs of the means 12 for data processing and imaging. 
As it was mentioned above, the focus point 4 is in this case the point, to which 

15 the current measurement results are attributed and in which vicinity the radia- 
tion of the source 1 is actually concentrated (with regard to the finite size of the 
focus zone of the X-ray lens 2). The means 12 for data processing and imaging 
provides imaging of the densities distribution of the biological tissues of the pa- 
tient 5 through realization of one or otiier algorithm of two-dimensional or 

20 three-dimensional imaging (see, for instance: E. Lapshin. Graphics for IBM 
PC. Moscow, "Solon", 1995 [6]). In the simplest case, when, for example, 
scanning (moving of the X-rays concentration zone with the point 4, to which 
the current measurement results are attributed) is done in any plane section of 
the patient's body 5, and concurrently with scanning, image can be swept on 

25 the screen of the means 12 with long afterglow; it is also possible to save a cer- 
tain number of measurement results with fiirther periodic image sweep, and so 
on. The capabilities of digital equipment make it possible to form the image of 
density distribution in any plane section also in case of other ways of scanning 
the volume comprising a malignant neoplasm, not necessarily in the immediate 

30 section of interest directly. To do this, it is sufficient to select from the results 
obtained (a set of density values and the values of coordinates, corresponding 
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to these density values), those related to the volume, contaming the needed sec- 
tion, which correspond to the section of interest of the patient's body, to do 
their two-dimensional imaging with respect to the coordinate axes, located in 
this section. The needed transformations like that are done by programming 

5 means using the known methods, analogous to those described in [6]. 

To identify the structural elements of the obtained image as related to the 
malignant neoplasm, it is more appropriate specifically the mode of viewing 
static saved digital image rather that real-time image analysis during scanning. 
The principle of operation of the suggested inventions is based on the 

10 fact, that intensity of scattered secondary Compton radiation (the probability of 
appearance of this radiation quanta), all other things being equal (in particular, 
at the given intensity of primary X-rays acting on the substance), is propor- 
tional to the substance density (see, for mstance, J. Jackson. Classical electro- 
dynamics. M., "Mir", 1965 [7]). 

15 The main specific feature of the suggested inventions consists in use of 

quanta of scattered secondary Compton radiation as informative, as against the 
known methods and devices, where they are interference. 

As it was mentioned, an important advantage in the medical applications 
is the capability of obtaining acceptable accuracy at lower dosages on the bio- 

20 lo^cal tissues. 

To estimate the possible benefit, let's compare the suggested inventions 
with the most accurate out of the modem methods of imaging invisible internal 
structure of the tissues and organs of a human's body, i.e. with a computed X- 
ray tomography. 

25 Let's make the following assumptions: photons energy is E-=-50 keV, the 

x-rays concentration zone is at the 50 mm depth and is 1 mm x I mm x 1 mm in 
size (such values are typical, for instance, for accurate and observation condi- 
tions in mammography examinations), the detector senses 5% of the secondary 
radiation excited the depth of 5 cm (this assumption means, that the secondary 

30 radiation, before reaching the input of the means for its transportation to the de- 
tector, passes 5 cm in the patient's body, and the angle of capture of a lens or a 
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collimator, delivering the secondary radiation to the detector, is 0,05 x 4™ sr). 
Taking into account that a linear coefficient of photon absorption in the pa- 
tient's body is close to that one in the water and it is of 2 x KT^ 1/cm order at 
the energy E=50 keV, the primary beam intensity falls down in 

5 exp (2x X 5) = e ^2, 71 times, penetrating to the depth of 5 cm. Yielding 
from the patient's body, the secondary radiation (its photon energy is very close 
ioSOkeV) also loses its intensity in e * 2, 71 times. So, the total loss of the in- 
tensity is e jc e = 7,5 times owing to the radiation absorption in the patient's 
body. Underestimating the assessed benefit, let's take into account only the 

10 Compton component of the secondary radiation. The probability of generation 
of the quanta of secondary Compton radiation at the depth of CA is equal to C= 
NkxNeX CA, where Nk = 6.55 x la^^ cnf is section of the secondary Compton 
scattering; Ne = 3 x 1/cm^ is the density of electrons in the water. So, at 
CA^lmm^ la^ cm the probability is C = 6.55 x ICT^^ x 3 x x la' ^2 x 

15 10'^. In other words, it takes, on the average, 1 : (2 x 1(X^) = 50 photons of the 
primary radiation to produce one secondary photon at the length CA = 1 mm. 

Let's take the density estimate error o (i.e. the error in determining the 
quantity of secondary photons) of the order of 1%. With regard to the random 
nature of the process, the root-mean-square value of the relative error is equal 

20 to L = l/(Nf-, where N is the quantity of registered photons. J>^ = 10000 corre- 
sponds to L = 0,01. 

So it is now possible to set up a simple equation for A^^, the needed quan- 
tity of primary photons, penetrating to the depth of 5 cm and generating secon- 
dary Compton radiation at this depth. The said radiation, in its turn, passes 

25 5 cm, thus N = 10000 photons reach the detectors: 

Nm e^x5x la^ x2x la^ = l(f. 

Here the coefficient 5 x 10'^ means that out of the total quantity of gener- 
ated secondary photons, only 5% = 10'^ photons reach the detectors and get 
registered. 



Photons of E = 50 keV energy produce dosage equal to 1 Roentgen, if the 
flux of the said photons is equal to 2,5 x 10^^ (see the tabulated data for a 
relationship between photons energy, their quantity and dosage, for example, 
Physics of image visualization in medicine. Ed. by S. Webb. M., "Mir", 1991 

5 [8]). On the assumption that the cross-section of the primary X-ray beam is 
equal to / cm^ at the entrance to the patient, the flux of flux 7,3 x 10^ I/cm^ will 
produce a dosage equal to 2,6 x 1(X^ Roentgen in the patient's body. 

In case of traditional X-ray computed tomogr^hy, for instance, during 
osteoporosis examination, usual dosage would equal to 100^ 300 milliroentgen 

10 (V.I. Mazurov, E.G. Zotkin. Topical questions of diagnostics and treatment of 
osteoporosis. Saint-Petersburg, IKF "Foliant", 1998, p. 47 [9]), i.e. approxi- 
mately 100 times larger. 

Dosage can be additionally reduced in several times, if exposure is done 
by means of several sources with their beams reaching the concentration zone 

15 via different paths, without accumulation in the patient's body. 

Therefore, such options are most advisable, where the embodiment of 
suggested methods and device provide for use of several spaced X-ray sources 
and detectors with a respective number of the radiation concentration means 
and means transporting secondary Compton radiation to the detectors (lenses, 

20 hemi lenses, collimators). On the one hand, this permits to achieve more effi- 
cient concentration of radiation (in case of a single radiation concentration 
means, concentration can be obtained only with the help of an X-ray lens as 
shown in FIG. 1), and to improve the signal to noise ratio at the output from the 
detectors. On the other hand, this permits to render the affect on the exposed 

25 part of the patient more distributed and thus to avoid over dosage on the parts 
and organs not subject to examination. Use of several detectors and simple av- 
eraging (or more complex processing of the output signals firom different detec- 
tors in the means 12 for data processing and imaging, for example, "weighted" 
averaging or processing taking into consideration density correlation existing in 

30 the points located close to each other), makes it possible to use less powerful 
X-ray sources without losses in accuracy, the other factors being equal. Be- 
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sides, averaging is less affected by other factors decreasing the accuracy (such 
as unequal absorption of radiation from the sources on the path to different 
points, where density is defined, and of secondary radiation on the path from 
these points to the inputs of the means transporting secondary Compton radia- 

5 tion to the detectors). 

Such options are discussed below (FIG. 2 - FIG. 1 1). 
The simplest from the point of view of technical implementation are op- 
tions shown in FIG. 2 and FIG. 3. 

In the diagram in FIG. 2, the quasi-point X-ray sources 1 and the coUima- 

10 tors 13 are used with their channels diverging (widening) in the direction of ra- 
diation propagation for the purpose of its concentration t in the zone 16. Be- 
tween the sources 1 and the collimators 13, there are screens 14 with holes 
transmitting radiation to the inputs of the collimators and preventing its direct 
hitting the object (bypassing the collimators). Secondary radiation is trans- 

15 ported to the detectors 6 by means of the collimators 15 with their channels 
converging (narrowing) in the direction of the radiation propagation, i.e. to- 
wards the detectors 6, and the said collimators can have a focus on their sensi- 
tive surface. Semi-conducted detectors with narrow entrance aperture can be 
used as the detectors 6. 

20 In FIG. 3 the collimators have just the opposite orientation to that shown 

in FIG. 2. To achieve the utmost use of the entrance aperture of collimators 18 
concentrating radiation in the zone 16, it is advisable to use extended X-ray 
sources 17. For the same reason, it is advisable to use the detectors 20 with 
wide entrance aperture (for example, scintillation detectors). 

25 In FIG. 4 the means for concentration of radiation from the quasi-point 

sources 1 and the means for transporting secondary radiation are made as the 
X-ray hemi lenses 21 and 22, correspondingly. In this instance, the hemi lenses 
22 focus scattered secondary radiation on the detectors 6. 

In FIG. 5 the means for concentration of radiation from the quasi-point 

30 sources 1 and the means transporting secondary radiation are made as the X-ray 
hemi lenses 21 and 23, correspondingly. In this instance, the hemi lenses 23 
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transform scattered secondary radiation into quasi-parallel and direct it onto the 
detectors 20 with a wide entrance aperture. 

FIG. 6 depicts a combined option, where the means for concentration of 
radiation from the quasi-point sources 1 are made as the X-ray hemi lenses 21 
directing parallel beams to the zone 16, and the means transporting secondary 
Compton radiation to the detectors 6 are made as the "full" X-ray lenses 3. 

FIG. 7 and FIG. 8 depict other combinations, wherein the means trans- 
porting secondary Compton radiation to the detectors are made as the collima- 
tors. 

In FIG. 7 the collimators 19 have channels widening towards the detectors 
6, and the latter have a wide entrance aperture. 

In FIG. 8, vice versa, the collimators 15 have channels narrowing towards 
the detectors 6, and the latter have a narrow entrance aperture. 

FIG. 9 depicts the most effective option from tiie point of view of accu- 
racy and resolution, where the means concentrating radiation from the quasi- 
point sources 1 and the means transporting secondary radiation to the detectors 
6 are made as the "full" lenses 2 and 3 correspondingly (compare this option 
with the one, shown in FIG. 1). 

FIG. 10 and FIG. 11 depict another two combined options. The common 
feature between them is the fact that in both the "ftiU" x-ray lenses 2 are used 
as the means concentrating radiation from the quasi-point sources 1. 

FIG. 10 depicts use of the collimators 15 narrowing towards the detectors, 
as the means transporting secondary radiation to the detectors 6 a with narrow 
aperture. 

FIG. 11 depicts use of the collimators 19 widening towards the detectors, 
as the means transporting secondary Compton radiation to the detectors 20 with 
a wide aperture. 

In all particular cases of the device embodiment, the mutual arrangement 
of the elements of the X-ray optical system 8 should prevent radiation of the 
sources (1, 17) from hitting directly, or after the patient's body (5), the inputs 
of the detectors (6, 20), since, as it was mentioned above, the secondary radia- 
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tion excited in the concentration zone carries the information about density of 
the biological tissues under study. For this purpose, there should be no detector 
(or means transporting secondary radiation thereto) on the continuation of the 
optical axis of any of the means concentrating the source radiation in the con- 
5 centration zone, representing the crossing region of the X-ray beams, formed 
by these means. 

The suggested method of identifying the location of a malignant neoplasm 
and functioning of the suggested device to implement the said method end with 
registration of the combinations of the point coordinates and the densities of the 

10 biological tissues corresponding to them, identified as belonging to the malig- 
nant neoplasm (for example, by storing the corresponding groups of digital 
codes in the means for data processing and ima^ng). Identification can by 
done, for example, as in the known method [3] by way of comparing the im- 
ages obtained by the above method, with those obtained as a result of previous 

15 diagnostics. In this instance, the operator involved in carrying out the method, 
can mark the identified images of the structural elements on the screen of the 
means for data processing and imaging with the help of traditional for com- 
puter equipment indication means, for example, with the help of "a mouse". 
If a decision is taken to carry out radiotherapy of the malignant neoplasm, 

20 before the further use of the device, an irradiation program is made as a set of 
x-ray dosages to be delivered to the different parts of the malignant neoplasm, 
represented by the fixed sets of coordinates of the points. The exposure pro- 
gram is made using the procedures, described, for example, in [1], with regard 
to peculiarities of the organ affected by the malignant neoplasm, and other fac- 

25 tors. 

The exposure program is realized through scanning the volume, occupied 
by the malignant neoplasm, using the same means (the lenses 2, 21; the colli- 
mators 13, 18) for x-rays concentration as used at the first stage of the radio- 
therapy method, i.e. while implementing the method of identifying the location 
30 of the malignant neoplasm. In this instance, with the help of the shared x-ray 
intensity control means 9 of the said X-ray sources, the latter are switched on in 



each of the discrete positions of the radiation concentration zone for a period of 
time, proportional to the required dosage with an increased level of the inten- 
sity (provided, for example, by higher anode current on the X-ray tubes), which 
would be sufficient for radiation damage to the tissues of the malignant neo- 
5 plasm. In a particular case, when a malignant neoplasm is small in size, expo- 
sure can be done from a single position of the x-rays concentration zone, i.e. 
without scanning. When full lenses are used for radiation concentration, it is 
possible to perform radiation therapy of micro-tumors (for example, of the 
eye). 

10 To avoid possible damage of the detectors, they can be switched off or 

mechanically screened for the time, when the X-ray sources are operated with 
increased intensity of operation (the said means are not shown in the figures ). 

Use of one and the same means for the radiation concentration both when 
the location of the malignant neoplasm is clarified (during the first stage of the 

15 radiotherapy method), and when the exposure program is carried out (during 
the second stage), in combination with small difference in time in between 
these stages, ensures minimal errors in "aiming" the radiation beams. Exposure 
is done from the same positions of the radiation concentration zone, as at the 
stage of identifying the location of the malignant neoplasm, as the X-ray optical 

20 system is placed with respect to the patient in the positions matching those 
fixed during identification of the unages of the structural elements as related to 
the malignant neoplasm. The accuracy of re-positioning of the X-ray optical 
system relatively to the patient into the position, corresponding to the coordi- 
nates, fixed during identification, can be improved by use of more advanced 

25 relative positioning means, such as described in [2]. 

Selection of one or another scheme for realization of the suggested meth- 
ods and deface embodiment options is determined both by availability of such 
an effective means for radiation concentration and transportation as the X-ray 
lenses and hemi lenses, and the required resolving capacity. The latter also af- 

30 fects the choice of parameters of the lenses and hemi lenses (such as the focal 
spot size, the spread of the focus region in the direction of the optical axis of 
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lens, etc.). In this instance, it should be taken into account that realization of 
high resolving capacity in case of "full" lenses (of the order of fractions of a 
millimeter and higher) is connected with the longer time required for scanning 
the volume comprising the malignant neoplasm. Other conditions, such as the 
5 availability of X-ray sources of proper power, sizes, etc, are taken into account 
as well.. 

Availability of the described and numerous other options of implementing 
the suggested method and of embodiment of the suggested device opens up 
wide possibilities for designing the means that would meet specific require- 
10 ments thereto. 

The suggested methods of identification of the location of a malignant 
neoplasm and its radiotherapy, and the device implementing the said method 
are applied in a situation, when the malignant neoplasm diagnostics have al- 
ready been done and it is required to obtain more accurate data regarding its lo- 
15 cation, form, sizes, and may be, also performance of radiation therapy, if a re- 
spective decision has been taken earlier or is taken on the basis of the said more 
accurate data obtained. 
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